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Description 

RAP.KrsROUND OF THE INVENTION 
s 1, Field of the Invention 

[0001] This invention relates to a process for preparing a silicone rubber composition that can produce a silicone 
rubber showing superior compression set properties. 

io 2. Description of the Prior Art 

100021 Silicone rubber is widely used in the field of electronic equipment, automobiles, construction, medical treat- 
ment and so forth because of its good weatherability, electrical properties, freeze resistance, and compression set 
properties (resistance). In particular, silicone rubber is used in O-rings, gaskets, sealing mediums and roll materials 
T5 because of its good compression set properties retainable at a wide temperature range and over a long penoc of torn* 
F00031 In recent years, methods for much more improving the compression set properties of silicone rubber are 
studied in variety For example, methods are known in which metal oxides such as cerium oxide are m.xed. or unsatu- 
rated groups contributing to cross-linking are introduced to the side chains or terminals of organopolys.loxanes. Such 
methods, however, only enable decrease of compression set to a certain extent and are unsatisfactory, also having a 

zo difficulty of makinq other physical properties poor. 

r0004] Japanese Unexamined Patent Publication (Kokai) No. 3-277658 discloses a method in which a silicone elas- 
tomer base material containing a silanol group, having been heated, is mixed with a disilazane conta.nmg an alkenyl 
qroup (an aliphatic unsaturated hydrocarbon group), followedby heating. This method can achieve a lower compression 
set. but has a difficulty of making other physical properties poor, e.g., causing an increase in hardness and a decrease 

25 in elongation and tear strength. i.„.:i^„ q „~ 

rOOOSl JP-A-501 12452 discloses a process for the preparation of a room temperature curable organor*>tys.loxane 
composition which comprises mixing a trimethylsilyl-terminated siloxane, a silica filler and, for example, diethyl (tri- 
methyl-silyl) amine, heating the resulting mixture at 100 to 200°C, and adding to the cooled mixture a large amount of 
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SO 



an a, w-dihydroxydiorganopolysiloxane. 
SUMMARY OF THE INVENTION 



r00061 Accordingly, an object of the present invention is to provide a process for preparing a silicone rubber compo- 
sition from which silicone rubber improved in compression set properties can be obtained without damaging other good 
35 properties inherent in silicone rubber. 

[0007] To achieve the above object, the present invention provides a process for prepanng a silicone rubber com- 
position, comprising the steps of: 

(A) mixing an organopolysiloxane having an average degree of polymerization of not less than 3,000 represented 
40 by the following average compositional formula (3): 

RnSiO (4 . n)/2 < 3 > 

45 wherein R represents a substituted or unsubstituted monovalent hydrocarbon group, and n is a numeral of 1 1 .95 

to 2 05 and the groups R contains in the organopolysiloxane may be the same or different; with a reinforcing silica, 
and then heating the resulting mixture at 1 00 to 250°C to form a base material component (A-1 ); 

(B) mixing said base material component with at least one component (A-2) selected from the group consisting of 
an aminosilane compound represented by the following general formula (1): 



(R 1 ) 3 Si[N(R 2 ) 2 ] 0) 

wherein the groups Ri may be the same or different and each represents a substituted or unsubstituted monovalent 
ss hydrocarbon group, and the groups R* may be the same or different and each represents a substituted or unsub- 

stituted monovalent hydrocarbon group; and an aminosilane compound represented by the following general for- 
mula (2): 
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(R 1 ) 2 Si[N(R 2 ) 2 ] 2 (2) 

wherein the groups R 1 and R 2 may be the same or different and are as defined above; to allow them to react; and 
s (C) heating the reaction mixture obtained in the step (B) at 50 to 250°C under normal pressure or reduced pressure 

to remove any unreacted aminosilane compound and a by-product amine, contained in the reaction mixture. 

[0008] According to the present invention, a silicone rubber composition which can produce a silicone rubber cured 
product improved in compression set properties can be obtained without damaging other good properties inherent in 
10 silicone rubber. 

DETAILED DESCRIPTION OF THE INVENTION 
Step (A) 

15 

(A-1) Silicone Base Material 

[0009] The silicone base material (A-1 ), is prepared by mixing an organopolysiloxane and a reinforcing silica, followed 
by heating. 

20 

Organopolysiloxane 

[0010] The organopolysiloxane is represented by the following average compositional formula (3): 

wherein R represents a substituted or unsubstituted monovalent hydrocarbon group, and n is a numeral of 1.95 to 
2.05, and the groups R contained in the organopolysiloxane may be the same or different. 

30 [0011] R in the above average compositional formula (3) represents a substituted or unsubstituted monovalent hy- 
drocarbon group, which is usually a monovalent hydrocarbon group having 1 to 10 carbon atoms, and preferably 1 to 
8 carbon atoms. Stated specifically, it can be exemplified by an alkyl group such as a methyl group, an ethyl group, a 
propyl group or a butyl group; an alkenyl group (an aliphatic unsaturated group) such as a vinyl group or an allyl group; 
an aryl group such as a phenyl group or a tolyl group; a cycloalkyl group such as a cyclohexyl group; an aralkyl group 

35 such as a benzyl group or a p-phenylethyl group; and any of these groups part or the whole of hydrogen atoms bonded 
to carbon atoms of which has or have been substituted with a halogen atom(s) or a cyano group(s), such as a y- 
trifluoropropyl group, a chloromethyl group or a cyanoethyl group. The monovalent hydrocarbon groups bonded to the 
silicon atoms of the organopolysiloxane may preferably comprise 0.001 to 10 mol% of alkenyl groups, and more pref- 
erably comprise 0.01 to 5 mol% of alkenyl groups. 

40 [0012] The organopolysiloxane may also have a hydroxyl group at a terminal of the molecular chain, in addition to 
the substituted or unsubstituted monovalent hydrocarbon group. Preferred terminal groups are a dimethylvinylsiloxy 
group, a trimethylsiloxy group, a trivinylsiloxy group and a dimethylhydroxysiloxy group. 

[0013] In organopolysiloxanes, preferred are those wherein the monovalent hydrocarbon groups R comprise at least 
50 mol% of methyl groups. A group or groups contained together with methyl groups may preferably be a phenyl group 
45 (s) or a y-trifluoropropyl group(s). 

[0014] The organopolysiloxane to be used may basically be a straight-chain compound, and may have a branched 
structure in part. 

[0015] The organopolysiloxane may also be a liquid product with a low degree of polymerization. From the viewpoint 
of practically useful hardness to be imparted to silicone rubber elastomers obtained by curing, it has an average degree 
so . of polymerization of not less than 3,000, preferably ranging from 3,000 to 10,000. 
[0016] Examples of the organopolysiloxane as described above are shown below. 
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Compound No. 
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15 



. R 3 CHj CH, R 3 



(1) R-'-SiO-fSiO)*- (Si-O)n -Si-R 4 

I I I I 



R J CH 3 CH=CH : R 3 



R 3 CH, Ph R 3 

II I I 

(2) R 4 -SiO- (SiO) m - (Si-0),-Si-R 4 



R 3 CH 3 Ph R 3 



20 R 3 CH 3 CH 3 R 3 

III I 
(3) R 4 -SiO- (SiO) m - (Si-O) c -Si-R 4 

II I I 

R 3 CH 3 I R 3 

25 CH 2 CH 2 CF 3 

[0017] In the formulas (1) to (3), R 3 represents -CH 3 or a -CH=CH 2 group; R 4 represents -CH 3 , a -CH=CH 2 group 
or an OH group; Ph represents a phenyl group; m is an integer of 0 or more; n is an integer of 0 or more; € is an integer 
30 of 1 or more; and p is an integer of 1 or more. Preferably, m and n are values giving an average degree of polymerization 
of not less than 500, and particularly ranging from 3,000 to 1 0,000, and the ratio m/n is a ratio giving an alkenyl quantity 
of from 0.001 to 10 mol%, and particularly from 0.01 to 5 mol%. The integers represented by m and t satisfy the 
relationship of 0 < € /(m+€) < 0.2, and m and p satisfy the relationship of 0 < p/(m+p) ^ 1 . 

35 Reinforcing Silica 

[0018] The reinforcing silica is a component necessary for increasing the mechanical strength of silicone rubber. 
[0019] The reinforcing silica to be used may preferably have a specific surface area of 20 nfi/g or above, and more 
preferably ranging from 100 to 300 m 2 /g. Of such reinforcing silica, fumed silica, precipitated silica (wet-process silica) 
40 and any of these the surfaces of which have been subjected to hydrophobic treatment with hexamethyldisilazane, 
alkoxysilane or chlorosilane are preferably used. 

[0020] The reinforcing silica may be mixed usually in an amount ranging from 5 to 70 parts by weight, and preferably 
from 20 to 50 parts by weight, based on 100 parts by weight of the organopolysiloxane. 

[0021] In orderto disperse the reinforcing silica in the organopolysiloxane, it is preferable to add a dispersant, e.g., 
45 trimethylsilanol, diphenylsilanediol, hexamethyldisilazane, and polydimethylsiloxane having a hydroxyl group at a ter- 
minal of the molecular chain. Such a dispersant may be added in an amount ranging from 0.5 to 30 parts by weight, 
and preferably from 1 to 20 parts by weight, based on 100 parts by weight of the reinforcing silica. 
[0022] The silicone base material (A-1 ) can be prepared by mixing the organopolysiloxane and the reinforcing silica 
preferably together with the dispersant by a method making use of a hitherto known roll or kneader and thereafter 
so heating the resulting mixture under reduced pressure or norma! pressure by a method making use of a hitherto known 
kneader or dryer. The heating is applied for the purposes of removing volatile components and accelerating the reaction 
of the reinforcing silica with the dispersant, and is carried out at a temperature ranging from 100 to 250°C for 1 to 6 
hours. If the heating is not applied, the composition obtained after the mixing with the aminosilane compound may 
become excessively hard to make workability very poor. 

ss 

A-2 Aminosilane Compound 

[0023] The component (A-2) is at least one compound selected from the group consisting of the aminosilane com- 
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pound represented by the general formula (1) and the aminosilane compound represented by the general formula (2) 
as previously shown. 

[0024] The R 1 is a substituted or unsubstituted monovalent hydrocarbon group, preferably having 1 to 10 carbon 
atoms. Stated specifically, it can be exemplified by an alkyl group such as a methyl group, an ethyl group, a butyl group 
s or a propyl group; an aryl group such as a phenyl group or a tolyl group; and any of these groups part or the whole of 
hydrogen atoms bonded to carbon atoms of which has or have been substituted with a halogen atom(s) or a cyano 
group(s), such as a fluoropmethyl group or trifluoropropyl group. 

[0025] As the R 1 , it is also possible to use an aminosilane compound containing an alkenyl group such as a vinyl 
group, an allyl group or a butenyl group. When, however, the aminosilane compound containing an alkenyl group is 
10 used, the hardness of the silicone rubber obtained by curing may become higher than the case when no such ami- 
nosilane compound is used, resulting in a decrease in elongation. Hence, the alkenyl group-containing aminosilane 
compound can be -effectively used when the improvement in compression set properties is important and the properties 
such as hardness and elongation may be changed. 

[0026] The R 2 is a substituted or unsubstituted monovalent hydrocarbon group, preferably having 1 to 10 carbon 
is atoms. Stated specifically, it may include the groups exemplified as the R 1 , of which a methyl group and an ethyl group 
are preferred. 

[0027] The aminosilane compound represented by the general formula (1) can be exemplified by Me 3 Si(NMe 2 ), 
Me 3 Si(NEt 2 ), Me 3 Si(NBu 2 ), Et 3 Si(NMe 2 ) and Me 2 PhSi(NMe 2 ), wherein Me represents a methyl group, Et an ethyl 
group, Bu a butyl group, and Ph a phenyl group. In particular, Me 3 Si(NMe 2 ) and Me 3 Si(NEt 2 ) are preferred. 
20 [0028] The aminosilane compound represented by the general formula (2) can be exemplified by Me 2 Si(NMe 2 ) 2 , 
Me 2 Si(NEt 2 ) 2 , Et 2 Si(NMe 2 ) 2 and Me 2 Si(NBu 2 ) 2> wherein Me, Et and Bu are as shown above. 

Step (B) 

25 [0029] The component A-2 may preferably be mixed in an amount ranging 0.1 to 20 parts by weight, and more 
preferably from 0.5 to 5 parts by weight, based on 100 parts by weight of the component (A-1). If the amount of the 
component (A-2) is too small, the compression set properties can not be well improved, and if too large, can no longer 
be further improved, only resulting in an economical disadvantage. 

[0030] The component (A-2) may be used alone or in combination of two or more kinds. 
30 [0031] In the step (B), the component (A-1 ) and component (A-2) are mixed, and allowed to react at a temperature 
usually ranging from 10 to 200°C, and preferably from 50 to 150°C. The reaction may be carried out for usually 5 
minutes or longer, and preferably from 0.5 to 2 hours. This reaction may preferably be carried out in a closed system 
so that the component (A-2) can be prevented from escaping out of the reaction system. Especially when the reaction 
is carried out at 70°C or above, it must be done in a closed system. 

35 

Step (C) 

[0032] The step (C) is the step of heating the reaction mixture obtained in the step (B) under normal pressure or 
reduced pressure to remove any unreacted component (A-2) and an amine, the by-product of the above reaction, 
40 contained in the reaction mixture. 

[0033] In the step (C), the reaction mixture obtained in the step (B) is heated under normal pressure, preferably 
under reduced pressure of 1 to 700 mmHg, and more preferably from 1 to 500 mmHg, at a temperature of from 50 to 
250°C, and preferably from 1 50 to 200°C. The reaction may be carried out usually for 5 minutes or longer, and preferably 
from 10 minutes to 2 hours. 

45 [0034] As a result of the step (C) thus carried out, the compression set properties of the silicone rubber obtained by 
curing are improved. A silicone rubber obtained by curing the above reaction mixture without the step (C) has in reverse 
a large compression set, in other words, low compression set properties. 

[0035] In the production process of the present invention, it is also possible to optionally further add various additives 
including colorants commonly used, thermal resistance improvers as exemplified by cerium dioxide and iron oxide, 
so flame retardancy improvers as exemplified by platinum and titanium dioxide, conductivity-providing agents as exem- 
plified by carbon and graphite, foaming agents as exemplified by azobisisobutyronitrile and azodicarbonamide, and 
release agents. 

Curing 

55 

[0036] The silicone rubber composition obtained by the production process of the present invention can be vulcanized 
and molded in the same manner as in hitherto known silicone rubber compositions. 

[0037] For example, the composition can be vulcanized and molded by adding as a vulcanizing agent an organic 



5 



EP 0 676 445 B1 



peroxide such as benzoyl peroxide, 2,4-dichlorobenzoyl peroxide, dicumyl peroxide, 2,5-dimethyl-di-tert-butyl perox- 
ide, di-tert -butyl peroxide or 2,5-dimethyl-2,5-bis(tei1-butylperoxy)hexane, followed by press molding ; transfer molding 
or extrusion. The organic peroxide may preferably be added in an amount of from 0.1 to 5 parts by weight based on 
100 parts by weight of the silicone rubber composition. 

s [0038] When the organopoiysiloxane used in the preparation of the silicone base material (A-1) has two or more 
alkenyl groups in its molecule, an organohydrogenpolysiloxane having two or more hydrogen atoms bonded to a silicon 
atom may be added as a cross-linking agent. Such an organohydrogenpolysiloxane may be added in such an amount 
that the hydrogen atoms bonded to the silicon atoms of the organohydrogenpolysiloxane come to be in an amount of 
from 0.5 to 5 mols per mole of alkenyl group of the organopoiysiloxane. When the organohydrogenpolysiloxane is 

10 added, it is preferable to use a catalyst such as platinum. 

[0039] After the above vulcanization and molding, the product may be further subjected to secondary vulcanization. 
[0040] The silicone rubber obtained by curing the silicone rubber composition resulting from the production process 
of the present invention shows compression set properties superior to those of conventional ones and also has other 
properties inherent in silicone rubber that are equivalent to those of conventional ones. Cured products thus obtained 

is can be very useful as, e.g., O-rings, gaskets, sealing mediums and roll materials. 

EXAMPLES 
Example 1 

20 

[0041] To 100 parts by weight of an organopoiysiloxane with an average degree of polymerization of about 8,000 
comprised of 99.825 mol% of dimethylsiloxane units, 0.15 mol% of methylvinylsiloxane units and 0.025 mol% of dimeth- 
ylvinylsiloxane units, 10 parts by weight of a dispersant si lanol -terminated straight-chain dimethylpolysiloxane and 40 
parts by weight of fumed silica (available from Nippon Aerosii Co., Ltd.) with a specific surface area of 200 m£/g were 

2S added, and the resulting mixture was heated at 1 70°C for 2 hours to obtain a silicone base material. 

[0042] To the silicone base material thus obtained, 1 g of dimethylaminotrimethylsilane was added, followed by stirring 
at 90 to 100°C for 30 minutes in a closed system. Next, the resulting reaction mixture was heated under conditions of 
450 mmHg and 170°C to remove the volatile components. Thus a silicone rubber composition was obtained. 
[0043] To 100 parts by weight of the silicone rubber composition obtained, 1 part by weight of 2,5-dimethyl-2,5-bis 

30 (tert-butylperoxy)hexane was added to carry out press vulcanization at 165°C for 10 minutes (hereinafter this vulcan- 
ization is called primary vulcanization). Thus a silicone rubber cured product was obtained. 

[0044] On the silicone rubber cured product obtained, its hardness, tensile strength, elongation, tear strength and 
compression set were measured according to JIS K 6301. Results obtained are shown in Table 1. 
[0045] The silicone rubber cured product having been subjected to the primary vulcanization was further heated at 
35 200°C for 4 hours to carry out secondary vulcanization. On the cured product obtained after the secondary vulcaniza- 
tion, its hardness, tensile strength, elongation, tear strength and compression set were measured according to JIS K 
6301. Results obtained are shown in Table 1. 

Example 2 

40 

[0046] In the present Example, silicone rubber cured products were obtained in the same manner as in Example 1 
except that the dimethylaminotrimethylsilane was added in an amount of 2 g. On the cured product obtained after the 
primary vulcanization and the cured product obtained afterthe secondary vulcanization, their hardness, tensile strength, 
elongation, tear strength and compression set were measured in the same manner as in Example 1 . Results obtained 
45 are shown in Table 1. 

Example 3 

[0047] In the present Example, silicone rubber cured products were obtained in the same manner as in Example 1 
so except that the dimethylaminotrimethylsilane was added in an amount of 5 g. On the cured product obtained after the 
primary vulcanization and the cured product obtained afterthe secondary vulcanization, their hardness, tensile strength, 
elongation, tear strength and compression set were measured in the same manner as in Example 1 . Results obtained 
are shown in Table 1 . 

55 Example 4 

[0048] In the present Example, silicone rubber cured products were obtained in the same manner as in Example 1 
except that the dimethylaminotrimethylsilane was replaced with 1 g of diethylaminotrimethylsilane. On the cured product 
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obtained after the primary vulcanization and the cured product obtained after the secondary vulcanization, their hard- 
ness : tensile strength, elongation, tear strength and compression set were measured in the same manneras in Example 
1 . Results obtained are shown in Table 1 . 

5 Example 5 

[0049] In the present Example, silicone rubber cured products were obtained in the same manner as in Example 1 
except that the dimethylaminotrimethylsilane was replaced with 1 g of diethylaminodimethylvinylsilane. On the cured 
product obtained after the primary vulcanization and the cured product obtained after the secondary vulcanization, 
10 their hardness, tensile strength, elongation, tear strength and compression set were measured in the same manner 
as in Example 1 . Results obtained are shown in Table 1 . 

Example 6 

is [0050] In the present Example, silicone rubber cured products were obtained in the same manner as in Example 1 
except that 1 .0 g of cerium oxide as a thermal resistance improver was added at room temperature before the 2,5-dime- 
thyl-2,5-bis(tert-butylperoxy)hexane was added to the silicone rubber composition. On the cured product obtained after 
the primary vulcanization and the cured product obtained after the secondary vulcanization, their hardness, tensile 
strength, elongation, tear strength and compression set were measured in the same manner as in Example 1 . Results 

20 obtained are shown in Table 1 . 

Example 7 

[0051] In the present Example, silicone rubber cured products were obtained in the same manner as in Example 2 
25 except that 1 .0 g of cerium oxide as a thermal resistance improver was added at room temperature before the 2,5-dime- 
thyl-2,5-bis(tert-butylperoxy)hexane was added to the silicone rubber composition. On the cured product obtained after 
the primary vulcanization and the cured product obtained after the secondary vulcanization, their hardness, tensile 
strength, elongation, tear strength and compression set were measured in the same manner as in Example 1 . Results 
obtained are shown in Table 1. 

30 

Example 8 

[0052] In the present Example, silicone rubber cured products were obtained in the same manner as in Example 1 
except that the dimethylaminotrimethylsilane was replaced with 1 g of bis(dimethylamino)dimethylsilane. On the cured 
35 product obtained after the primary vulcanization and the cured product obtained after the secondary vulcanization, 
their hardness, tensile strength, elongation, tear strength and compression set were measured in the same manner 
as in Example 1. Results obtained are shown in Table 1. 

Example 9 

40 

[0053] In the present Example, silicone rubber cured products were obtained in the same manner as in Example 1 
except that the dimethylaminotrimethylsilane was replaced with 2 g of bis(diethylamino)dimethylsilane. On the cured 
product obtained after the primary vulcanization and the cured product obtained after the secondary vulcanization, 
their hardness, tensile strength, elongation, tear strength and compression set were measured in the same manner 
45 as in Example 1 . Results obtained are shown in Table 1 . 

Example 10 

[0054] In the present Example, silicone rubber cured products were obtained in the same manner as in Example 1 
50 except that the fumed silica was replaced with 40 parts by weight of precipitated silica (trade name: NIPSIL; available 
from Nippon Silica Industrial Co., Ltd.). On the cured product obtained after the primary vulcanization and the cured 
product obtained after the secondary vulcanization, their hardness, tensile strength, elongation, tear strength and com- 
pression set were measured in the same manner as in Example 1. Results obtained are shown in Table 1 . 

55 Comparative Example 1 

[0055] To 100 parts by weight of the same silicone base material as used in Example 1 , 1 part by weight of 2,5-dime- 
thyl-2,5-bis(tert-butylperoxy)hexane was added to carry out primary vulcanization in the same manner as in Example 
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1. On the silicone rubber cured product obtained after the primary vulcanization, its hardness, tensile strength, elon- 
gation, tear strength and compression set were measured in the same manner as in Example 1 . Results obtained are 
shown in Table 2. The silicone rubber cured product obtained after the primary vulcanization was subjected to secondary 
vulcanization in the same manner as in Example 1 . On the cured product obtained after the secondary vulcanization, 
s its hardness, tensile strength, elongation, tear strength and compression set were measured in the same manner as 
in Example 1 . Results obtained are shown in Table 2. 

Comparative Example 2 

w [0056] In the present Comparative Example, silicone rubber cured products were obtained in the same manner as 
in Example 1 except that the dimethylaminotrimethylsilane was replaced with 1 g of 1,3-divinyltetramethyldisilazane. 
On the silicone rubber cured product obtained after the primary vulcanization and the cured product obtained after the 
secondary vulcanization, their hardness, tensile strength, elongation, tear strength and compression set were meas- 
ured in the same manner as in Example 1 . Results obtained are shown in Table 2. 

15 

Comparative Example 3 

[0057] In the present Comparative Example, silicone rubber cured products were obtained in the same manner as 
in Comparative Example 1 except that 1.0 g of cerium oxide as a thermal resistance improver was added at room 
20 temperature before the 2,5-dimelhyl-2,5-bis(tert-butylperoxy)hexane was added to the silicone base material. On the 
silicone rubber cured product obtained after the primary vulcanization and the cured product obtained after the sec- 
ondary vulcanization, their hardness, tensile strength, elongation, tear strength and compression set were measured 
in the same manner as in Example 1 . Results obtained are shown in Table 2. 

25 Comparative Example 4 

[0058] In the present Comparative Example, silicone rubber cured products were obtained in the same manner as 
in Example 1 except that the reaction product obtained by adding the dimethylaminotrimethylsilane was not heated 
under conditions of 450 mmHg and 170°C, i.e., the volatile components were not removed. On the silicone rubber 
30 cured product obtained after the primary vulcanization and the cured product obtained after the secondary vulcaniza- 
tion, their hardness, tensile strength, elongation, tear strength and compression set were measured in the same manner 
as in Example 1 . Results obtained are shown in Table 2. 

Comparative Example 5 

35 

[0059] To 1 00 parts by weight of the same silicone base material as used in Example 10,1 part by weight of 2,5-dime- 
thyl-2,5-bis(tert-butylperoxy)hexane was added to carry out primary vulcanization in the same manner as in Example 
1. On the silicone rubber cured product obtained after the primary vulcanization, its hardness, tensile strength, elon- 
gation, tear strength and compression set were measured in the same manner as in Example 1 . Results obtained are 
40 shown in Table 2. The silicone rubber cured product obtained after the primary vulcanization was subjected to secondary 
vulcanization in the same manner as in Example 1 . On the cured product obtained after the secondary vulcanization, 
its hardness, tensile strength, elongation, tear strength and compression set were measured in the same manner as 
in Example 1 . Results obtained are shown in Table 2. 

45 



so 
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vulcanization: 


25 


26 


25 


25 


17 




Compression set 1%) 














(180°C /22hrs) 














Initial : 


12.6 


9.9 


7.5 


13.2 


9.2 


30 


After secondary 
vulcanization: 


12.1 


8.9 


6.0 


10.4 


7.5 



*1: JIS K 6301 Spring type hardness tester (Type-A) 



35 



40 



45 



50 
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Table 1 (cont 'd) 





Example 




6 


-J 
/ 


Q 
0 


Q 

-7 


1 0 


Hardness ( JIS A) * 1 
Initial : 

After secondary 
vuica.ni za l ion . 












52 


49 


52 


50 


47 


52 


52 


55 






Tensile strength 
(kgf /citr) 
Initial : 

After secondary 












113 


107 


113 


110 


97 


114 


111 


114 


lib 


1UU 


Elongation (%) 
Initial : 

After secondary 
vulcanization : 
















D -7 VJ 


560 


490 


560 


540 


570 


560 


430 


Tear strength 
(kgf /cm) 
Initial : 

After secondary 
vulcanization : 












24 


23 


26 


24 


14 


27 


23 


25 


25 


14 


Compression set (%) 
(180°C /22hrs) 
Initial : 

After secondary 
vulcanization : 










(*2) 


12 .5 


10.2 


14.0 


10.3 


13.5 


6.9 


6.2 


10. 5 


9.5 


7.2 



*1: JIS K 6301 spring type hardness tester (Type-A) 
*2: 150°C /22hrs 



Table 2 





Comparative Example 


1 


2 


3 


4 


Hardness (JIS A) 










Initial: 


50 


58 


50 


43 


After secondary vulcanisation: 


56 


62 


56 


43 


Tensile strength (kgf/crn 2 ) 










Initial: 


117 


116 


105 


101 


After secondary vulcanization: 


110 


110 


114 


101 


Elongation (%) 










Initial 


660 


480 


560 


640 


After secondary vulcanization: 


580 


450 


560 


670 


Tear strength (kgf /cm) 










Initial: 


28 


21 


24 


17 



0676445B1 I > 
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Table 2 (continued) 





Comparative Example 


1 


2 


3 


4 I 


After secondary vulcanization: 


27 


21 


27 


19 


Compression set (%) (180°C /22hrs) 










Initial: 


22.7 


17.5 


25.5 


66.0 


After secondary vulcanization: 


20.5 


15.7 


14.9 


35.9 



Claims 

1. A process for preparing a silicone rubber composition, comprising the steps of: 

(A) mixing an organopolysiloxane having an average degree of polymerization of not less than 3,000 repre- 
sented by the following average compositional formula (3): 

*n Sj °(4-n)/2 < 3 > 

wherein R represents a substituted or unsubstituted monovalent hydrocarbon group, and n is a numeral of 
1 .95 to 2.05, and the groups R contains in the organopolysiloxane may be the same or different; with a rein- 
forcing silica, and then heating the resulting mixture at 1 00 to 250°C to form a base material component (A-1 ); 

(B) mixing said base material component with at least one component (A-2) selected from the group consisting 
of an aminosilane compound represented by the following general formula (1): 

(R 1 ) 3 Si[N(R 2 ) 2 ] 0) 

wherein the groups R 1 may be the same or different and each represents a substituted or unsubstituted mono- 
valent hydrocarbon group, and the groups R 2 may be the same or different and each represents a substituted 
or unsubstituted monovalent hydrocarbon group; and an aminosilane compound represented by the following 
general formula (2): 

(R 1 ) 2 Si[N(R 2 ) 2 ] 2 (2) 

wherein the groups R 1 and R 2 may be the same or different and are as defined above; to allow them to react; 
and 

(C) heating the reaction mixture obtained in the step (B) at 50 to 250°C under normal pressure or reduced 
pressure to remove any unreacted aminosilane compound and a by-product amine, contained in the reaction 
mixture. 

2. The process of claim 1 , wherein the reaction of said component (A-1 ) with said component (A-2) is carried out in 
a closed system. 

3. The process of claim 1, wherein said aminosilane compound represented by the general formula (1) is at least 
one selected from the group consisting of Me 3 Si(NMe 2 ), Me 3 Si(NEt 2 ), Me 3 Si(NBu 2 ), Et 3 Si(NMe 2 ) and Me 2 Phsi 
(NMe 2 ), wherein Me represents a methyl group, Et an ethyl group, Bu a butyl group, and Ph a phenyl group; and 
said aminosilane compound represented by the general formula (2) is at least one selected from the group con- 
sisting of Me 2 Si(NMe 2 ) 2 , Me 2 Si(NEt 2 ) 2 , Et 2 Si(NMe 2 ) 2 and Me 2 Si(NBu 2 ) 2> wherein Me, Et and Bu are as shown 
above. 

4. The process of claim 1 , wherein said component (A-2) is mixed in an amount of from 0. 1 part by weight to 20 parts 
by weight based on 100 parts by weight of said component (A-1). 
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5. A process of any of claims 1-4, wherein in a further step the silicone rubber composition is cured. 
Patentanspruche 

1. Verfahren zur Herstellung einer Siiikonkautschukzusammensetzung, umfassend die Schritte: 

(A) Mischen eines Organopoiysiloxans mit einem durchschnittlichen Polymerisationsgrad von nicht weniger 
ais 3000, dargestellt durch die folgende, mittlere Zusammensetzungsformel (3): 

RnSiO (4 . n)/2 < 3 > 

worin die Gruppe R eine substituierte oder unsubstituierte, einwertige Kohlenwasserstoffgruppe darsteilt und 
is n e i n e Zahl von 1 ,95 bis 2,05 ist und die Gruppen R, welche in dem Organopolysiloxan enthalten sind, gleich 

oder verschieden sein konnen, mit einem verstarkenden Silika und anschlieBend E rwarmen des resultierenden 
Gemisches auf 100 bis 250°C unterder Bildung einer Basismaterialkomponente (A-1); 

(B) Mischen der Basismaterialkomponente mit mindestens einer Komponente (A-2), ausgewahlt aus der Grup- 
pe, bestehend aus einer Aminosilanverbindung, dargestellt durch die folgende allgemeine Formel (1): 



10 



20 



30 



(R 1 ) 3 Si[N(R^) 2 ] (1) 

worin die Gruppen R 1 gleich oder verschieden sein konnen und jeweilseine substituierte oder unsubstituierte, 
25 einwertige Kohlenwasserstoffguppe darstellen und die Gruppen R 2 gleich oder verschieden sein konnen und 

jeweils eine substituierte oder unsubstituierte, einwertige Kohlenwasserstoffgruppe darstellen; und einer Ami- 
nosilanverbindung, dargestellt durch die folgende allgemeine Formel (2): 



(R^SitNfR 2 )^ (2) 



worin die Gruppen R 1 und R 2 gleich oder verschieden sein konnen und wie vorgenannt definiert sind, urn sie 
miteinander reagieren zu lassen; und 

(C) Erwarmen des in Schritt (B) erhaltenen Reaktionsgemisches auf 50 bis 250°C unter Normaldruck oder 
35 vermindertem Druck, urn jedwede nicht umgesetzte Aminosilanverbindung und ein Aminnebenprodukt, welche 

in dem Reaktionsgemisch enthalten sind, zu entfernen. 

2. Verfahren nach Anspruch 1, wobei die Reaktion der Komponente (A-1) mit der Komponente (A-2) in einem ge- 
schlossenen System durchgefuhrt wird. 

40 

3. Verfahren nach Anspruch 1, wobei die durch die allgemeine Formel (1) dargestellte Aminosilanverbindung min- 
destens eine ist, ausgewahlt aus der Gruppe, bestehend aus Me 3 Si (NMe 2 ), Me 3 Si(NEt 2 ), Me 3 Si(NBu 2 ), Et 3 Si 
(NMe 2 ) und Me 2 PhSi(NMe 2 ), worin Me eine Methylgruppe, Et eine Ethylgruppe, Bu eine Butylgruppe und Ph eine 
Phenylgruppe darstellen, und die durch die allgemeine Formel (2) dargestellte Aminosilanverbindung mindestens 

45 eine ist, ausgewahlt aus der Gruppe, bestehend aus Me 2 Si(NMe 2 ) 2 ,Me 2 Si(NEt 2 ) 2 , Et 2 Si(NM e2 ) 2 und Me 2 Si 

(NBu 2 ) 2 , worin Me, Et und Bu wie vorstehend gezeigt sind. 

4. Verfahren nach Anspruch 1, wobei die Komponente (A-2) in einer Menge von 0,1 Gew.-Teile bis 20 Gew.-Teile, 
bezogen auf 100 Gew.-Teile der Komponente (A-1), beigemischt wird. 

50 

5. Verfahren nach einem der Anspruche 1 bis 4, worin in einem weiteren Schritt die Silikonkautschukzusammenset- 
zung gehartet wird. 

55 R even di cations 

1. Proc6de de preparation d'une composition de caoutchouc silicone, comprenant les etapes de : 
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(A) melange d'un organopolysiloxane ayant un degre moyen de polymerisation non inferieur a 3000, repre- 
sents par la formule de composition moyenne (3) ci-apres : 



R n SiO ( 



(4-n)/2 



(3) 



dans laquelle R represente un groupe hydrocarbone monovalent substitue ou non substitue, et n est un nombre 
de 1 ,95 a 2 : 05, et les groupes R contenus dans I'organopolysiloxane peuvent etre identiques ou differents ; 
a une silice de renfort, puis chauffage du melange obtenu a une temperature de 100 a 250°C pour former un 
composant materiau de base (A-1 ) ; 

(B) melange dudit composant materiau de base a au moins un composant (A-2) choisi dans le groupe constitue 
d'un compose aminosilane represente par la formule generale (1) ci-apres : 



dans laquelle les groupes R 1 peuvent etre identiques ou differents, et chacun represente un groupe hydro- 
carbone monovalent substitue ou non substitue, et les groupes R 2 peuvent etre identiques ou differents, et 
chacun represente un groupe hydrocarbone monovalent substitue ou non substitue ; et un compose amino- 
silane represente par la formule generale (2) ci-apres : 



dans laquelle les groupes R 1 et R 2 peuvent etre identiques ou differents et sont tels que definis ci-dessus ; 
pour leur permettre de reagir ; et 

(C) chauffage du melange reactionne! obtenu dans I'etape (B) a une temperature de 50 a 250°C sous la 
pression normale ou sous une pression reduite, pour eliminer tout compose aminosilane n'ayant pas reagi et 
une amine en sous-produit se trouvant dans le melange reactionnel. 

Procede selon la revendication 1 , dans lequel la reaction dudit composant (A-1 ) avec ledit composant (A-2) est 
mise en oeuvre dans un systeme ferme. 

Procede selon la revendication 1 , dans lequel ledit compose aminosilane represente par la formule generale (1 ) 
est au moins un compose choisi dans I'ensemble comprenant Me 3 Si(NMe 2 ), Me 3 Si(NEt 2 ), Me 3 Si(NBu 2 ), Et 3 Si 
(NMe 2 ) et Me 2 PhSi(NMe 2 ), ou Me represente le groupe methyle, Et le groupe ethyle, Bu le groupe butyle et Ph 
le groupe phenyte ; et ledit compose aminosilane represente par la formule generale (2) est au moins un tel com- 
pose choisi dans I'ensemble comprenant Me 2 Si(NMe 2 ) 2! Me 2 Si(NEt 2 ) 2 , Et 2 Si(NMe 2 ) 2 et Me 2 Si(NBu 2 ) 2 , ou Me, Et 
et Bu sont tels que definis ci-dessus. 

Procede selon la revendication 1 , dans lequel ledit composant (A-2) est melange en une quantite de 0,1 a 20 
parties en poids pour 100 parties en poids dudit composant (A-1 ). 

Procede selon Tune quelconque des revendications 1 a 4, dans lequel, dans une etape supplemental, la com- 
position de caoutchouc de silicone subit un durcissement. 



(R 1 ) 3 Si[N(R 2 ) 2 ] 



0) 



(R 1 ) 2 Si[N(R 2 ) 2 ] 2 



(2) 
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